Homologous genes have recently been shown to regulate stem cell maintenance in animals and plants. This discovery should facilitate elucidation of the poorly understood factors that control stem cell maintenance and differentiation.
The recent news that human embryonic stem cells can be grown in culture caught the public imagination with visions of replacement organs made to order [1] . Lost in the uproar was the fact that no new insight into stem cell mechanisms arose from the technical tour de force of keeping the human cells alive. In fact, to realize the potential of stem cells for human transplantation therapy and other uses, much still needs to be learned about the factors that control their maintenance and differentiation. Surprisingly, some clues have recently come from the comparison of genes that regulate stem cells in plants and animals.
The simplest definition of a stem cell is that it is a cell that can reproduce itself as well as generate differentiated progeny [2] . The capacity to remain in an undifferentiated state and have the ability, upon division, to generate one or more differentiated cell types is at the heart of a stem cell's unique role in multicellular organisms. Post-embryonically, animals use stem cells to build and replenish particular organ systems, such as their hematopoietic and nervous systems. There is also evidence for the presence of stem cells in the olfactory epithelium, gut and gonads [2] . By contrast, plants use stem cells to generate most of their adult structures. From two populations of stem cells know as 'meristems', located at opposite ends of the embryo, are formed the shoot and root systems of the plant. For animals and plants, the questions are the same. How does a stem cell remain undifferentiated? And how does it regulate the production of differentiated progeny? Until recently, analysis of stem cell processes in different organs and organisms had failed to reveal common molecular mechanisms [2] .
The production of eggs in Drosophila originates with the division of germline stem cells. Division of these stem cells results in one daughter that remains associated with somatic tissue called the 'terminal filament' and one that enters a differentiation pathway which eventually leads to the formation of an egg chamber [3] . Laser ablation studies had suggested a critical role for the terminal filament cells in regulating this asymmetric division process [4] . To identify genes responsible for the special properties of stem cells, mutations that disrupt the maintenance or differentiation processes have been characterized. It is recent work on a gene, piwi, identified in this way that has provided an intriguing connection between stem cell regulation in plants and animals.
In piwi mutant flies, germline stem cells appear to be formed normally, but instead of dividing to give one germline stem cell and one differentiated progeny, all of the germline stem cells differentiate [3] . This implies a role for the piwi gene in maintaining germline stem cells in an undifferentiated state. Expression analysis of the cloned piwi gene revealed that its RNA is found not in the germline stem cell but in the terminal filament cells ( Figure 1 ). This is consistent with piwi having a role in signaling from the somatic tissue to the stem cell. Sequence comparisons revealed no motifs in Piwi that provide any clues to its likely biochemical action, but a homologous gene, ZWILLE (ZLL) had previously been characterized in Arabidopsis. The ZLL protein shows a high level of sequence similarity to Piwi and, remarkably, analysis of the zwille (zll) mutant phenotype had led to a very similar conclusion about its function [5] : that it is required to maintain stem cells in an undifferentiated state and that it acts by signaling from somatic tissue.
The Arabidopsis shoot apical meristem is formed during embryogenesis. In zll mutant embryos, the normal small The homologous genes piwi and ZWILLE are involved in soma to germ cell signalling in Drosophila and Arabidopsis, respectively. Piwi RNA is expressed in the terminal filament which is adjacent to the Drosophila germline stem cells. ZWILLE RNA is expressed in the vascular precursors found adjacent to the Arabidopsis shoot apical meristem. [5] . This indicated that ZLL acts to maintain the stem cells of the shoot meristem in an undifferentiated state. Transient expression of ZLL was observed in the shoot meristem cells at the time when the defect in zll meristem development becomes apparent, raising the possibility of a cellautonomous process. However, at the initial stages of shoot meristem formation, and throughout embryogenesis, ZLL RNA is found in the vascular precursors which are located just below the cells that form the shoot meristem [5] (Figure 1 ). This would suggest a role for ZLL in signaling from the underlying somatic tissue to the stem cell population, another similarity with the recent results on the Drosophila homologue piwi [3] .
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Further evidence that piwi/ZWILLE homologues have a role in stem cell maintenance came from studies on the nematode Caenorhabditis elegans, where the use of interfering RNA to suppress express of the piwi homologue prg-1 resulted in depletion of the germ cell stem cells [3] . A human homologue, hiwi, has also been identified. Although a role for this gene in human germ cell maintenance has not been determined, hiwi is more similar to piwi than to the C. elegans homologue, perhaps reflecting a greater similarity in the processes of germline stem cell maintenance between humans and flies than between flies and worms [3] . Can we conclude that piwi/ZWILLE homologues are exclusively, or even primarily, involved in stem cell maintenance? This would be premature. Mutations in another Arabidopsis homologue, ARGONAUTE, result in pleiotropic defects, of which only some can be attributed to stem cell aberrations [6] .
The finding that homologous genes regulate stem cell processes in plants and animals raises a very intriguing question. It is generally accepted that plants and animals diverged from a unicellular ancestor, thus 'inventing' multicellularity independently. If this is the case, why should a putative cell-cell signaling process regulating stem cell production, which is at the heart of multicellular development, be shared between plants and animals? This is not the only evidence for shared developmental processes in animals and plants. The SHOOT MERISTEMLESS gene encodes a homeobox protein which regulates the formation of a pattern element -the shoot apical meristem -in the apical/basal axis of the Arabidopsis embryo [7] . This is strikingly reminiscent of the role of homeobox genes in patterning the anterior-posterior axis in animals. CURLY LEAF encodes a Polycomb-like protein that regulates the maintenance of expression of homeotic genes involved in flower development [8] in a manner similar to Polycomb's role in regulating the maintenance of homeotic gene expression in Drosophila. And who could have imagined that plants would produce glutamate receptors which appear to react to the same drugs that affect the human brain [9] ?
What could be the origin of these shared processes? It is possible that the prevailing theory is wrong, and that plants and animals shared a multicellular ancestor. The fact that no obvious homologue of piwi/ZWILLE could be seen in the fully sequenced yeast and bacterial genomes led Cox et al. [3] to this conclusion. It is also possible, although there is little evidence for this outside of bacteria, that there has been cross-kingdom gene transfer. A third possibility is that, with the limited tool kit of the ancestral unicellular genome, only certain combinations of gene products worked well enough to ensure the survival of a multicellular organism. In this convergent evolution scenario, plants and animals are the two successful experiments among countless attempts to create a multicellular organism from a unicellular one. Given enough attempts, every combination of gene product could have been tested. Certain combinations of cell-cell signaling processes, transcription regulation and so on worked well enough for survival, all others did not.
Evidence that evolutionary experiments of this kind may be ongoing today comes from a recent analysis of the formation of biofilms. This process has been characterized as a developmental cycle [10] : founder bacteria establish themselves on a surface, additional bacteria are recruited, then some cells excrete a polysaccharide matrix through which the colony's nutrients and waste can be exchanged. This colonization process could be viewed as a forerunner of a stem cell population, with the founder bacteria acting as stem cells, and the cells that secrete the polysaccharides and inhabit the matrix, their differentiated progeny. As more genomes are fully sequenced, cross-species and cross-kingdom comparisons of gene function should reveal the extent of shared developmental processes and how they arose.
